Biotransformation of paeonol (1) with the white-rot basidiomycete Coriolus versicolor afforded two metabolites, 2,4-dihydroxyacetophenone (2) and 2,5-dihydroxy-4-methoxyacetophenone (3), which were identified by spectroscopic methods. Compound 3 showed higher antioxidative, antibacterial, antifungal activities than 1 or 2. The results demonstrate for the first time that C. versicolor has the capacities to catalyze hydroxylation and demethylation reactions on the aromatic compound.
Paeonol (1), a major phenolic component of Paeonia suffruticosa and Paeonia lactiflora, has various biological activities, such as anti-inflammatory, analgesic, anxiolyticlike, anti-anaphylatic and anti-microbial activities [1] . It has been reported that some plant cell and organ cultures, such as Panax ginseng root and cell cultures, and transgenic crown galls of Panax quinquefolium, are able to convert 1 into its derivatives [2] . However, no microbial transformation of 1 has been reported.
The aim of our program is to explore the microbial modification of bioactive natural products [2c]. Herein we report the white-rot basidiomycete C. versicolor as a novel biocatalyst to transform paeonol (1) to metabolites 2 and 3 (Figure 1), and their antimicrobial and antioxidant activities.
Metabolite 2 had a molecular formula C 8 H 8 O 3 by its ESI-MS and 13 C NMR data. Its structure was confirmed as 2,4dihydroxyacetophenone by comparing its 1 H and 13 C NMR data with literature value [3a] . It was previously obtained from biotransformation of 1 by panax ginseng root and cell cultures [2a] and from the plant Cynanchum stauntoni [3a].
Metabolite 3 had a molecular formula C 9 H 10 O 4 from its ESI-MS and 13 C NMR data. A comparison of its 1 H and 13 C NMR data with literature data [3b] allowed its structure to be established as 2,5-dihydroxy-4-methoxyacetophenone, which was previously isolated from the bark of P. suffruticosa [3b].
Compounds 1 and 2 showed the lowest radical-scavenging abilities (IC 50  100 μM), while compound 3 exhibited the highest radical-scavenging ability (IC 50 = 7.49 ± 0.04 μM) ( Table 1) , which was comparable to the positive control chlorogenic acid (IC 50 = 6.58 ± 0.07 μM) and was two-fold of TBHQ (IC 50 = 13.85 ± 0.09 μM). These results suggest that insertion of a phenolic hydroxy group at C-5 in 1 enhanced its scavenging effect in DPPH assay.
Compound 3 had higher antibacterial efficacy than 1 or 2, but they all were weak as compared to ampicillin as a control (minimal inhibitory concentration (MIC)  7.8 g/L). MICs of compounds 1 and 2 were 250 g/mL on Staphyloccocus aureus, Bacillus subtilis, and >250 g/mL on Bacteria strain. Thus, compound 3 showed weak antibacterial activity on gram-positive bacteria (MIC = 125 g/mL).
Compounds 2 and 3 had lower inhibitory effects on B. cinerea than 1 (Table 2) , with IC 50 values of 68.0, 19.1, and 6.4 μg/mL, respectively. Compounds 2 and 3 showed higher inhibitory effect on both A. solani and F. oxysporium niveum than compound 1 except for B. cinerea. Compound 3 was inhibitorier against F. solani than 1. In our tested compounds, 3 was the most effective against the fungi except for B. cinerea. The findings reveal that a lipophlic methyl group could contribute to increasing antifungal activity of 1 and 3. In the control of the agricultural diseases, paeonol (1) (1) : The fungus C. versicolor was inoculated to Martin medium and was grown for 24 h. Then, paeonol (1, ca.1.0 g) was added to culture medium and continued to grow for 60 h. Compound 1 incubated with the media (without fungal cells) and the cultures not administered 1 were used as controls. Each culture was separated into mycelia and culture medium and extracted with AcOEt. Two products 2 and 3 were found in the culture medium by TLC analysis, but none in the mycelium and controls. The AcOEt extract (3 g) was subjected to silica gel column with CHCl 3 -MeOH (100:0-90:10) to provide fractions A-C. Paeonol (1, 450 mg) was recycled in 45% yield from fraction A. Fraction B was fractionated by repeated column chromatography over silica gel and Sephadex LH-20 (CHCl 3 -MeOH, 1:1) to afford 2 (100 mg, 10%); fraction C was separated by repeated column chromatography over Sephadex LH-20, ODS and silica gel to yield 3 (30 mg, 3%). 
Experimental

Incubation of Paeonol
Antioxidant and Antimicrobial Activities [4]:
The free radical-scavenging activity was measured using the DPPH (1,1-diphenyl-2-picryl-hydrazyl) according to the method [4a] . TBHQ (tert-butylhydroquinone) and chlorogenic acid have been used as positive controls. The in vitro antibacterial activity was measured by the micro-broth dilution method [4b] . The in vitro antifungal activities of compounds 1-3 were evaluated against six plant pathogenic fungi by a Poison Food Technique [4c].
